Abstract Intimate partner homicide (IPH) is a critical public health and safety issue in the USA. In this study, we determine the prevalence and correlates of perpetrator suicide and additional homicides following intimate partner homicide (IPH) in a large, diverse state with high quality data. We extract IPHs from the North Carolina Violent Death Reporting System for 2004-2013 and identify suicides and other homicides that were part of the same incidents. We analyze the likelihood (in odds ration form) of perpetrator suicide and additional homicides using logistic regression analysis. Almost all IPHsuicide cases were by men with guns (86.6%). Almost one-half of IPHs committed by men with guns ended with suicide. Male-perpetrated IPH incidents averaged 1.58 deaths if a gun was used, and 1.14 deaths otherwise. It is well-known that gun access increases the chance that a violent domestic relationship will end in death. The current findings demonstrate that gun IPH is often coupled with additional killings. As suicidal batterers will not be deterred from IPH by threat of punishment, the results underline the importance of preemption by limiting batterers' access to guns.
Introduction
Intimate partner homicide (IPH) is a critical public health and safety issue in the USA. The great majority of IPH cases involve female victims and male perpetrators [1] . Furthermore, IPH accounts for a substantial proportion of female homicide victimization [2, 3] . The threat of IPH to public safety is amplified by the fact that IPH is often coupled with killing one or more additional victims, and with the perpetrator's suicide [4] [5] [6] . These additional deaths are concentrated in IPHs committed by white men with guns [7] . Male domestic batterers wielding guns is also a characteristic of mass homicides. One analysis found that from 2009 to 2016, 54% of mass homicides (defined as four or more individuals killed in one incident) [8] were related to domestic or family violence, and all were committed with guns [9] .
It is well-known that the risk of IPH is elevated by abusers' access to firearms [10] . (Note that in what follows, we use the words Bgun^and Bfirearm^inter-changeably.) More than half of all women killed by intimate partners between 2001 and 2012 were killed with guns [11] . Previous research finds an association between firearms in the home and the risk of violent death [10, 12, 13] . Intimate partner violence that involves a firearm is 12 times more likely to result in death than incidents that do not involve a firearm [14] .
Federal law and some state laws seek to prevent domestic abusers from buying or possessing guns, and to deter misuse of guns [15, 16] . Research suggests that such laws reduce intimate partner homicides overall, but no studies have evaluated their effects on the incidence of IPH followed by the suicide of the perpetrator (hereafter referred to as BIPH-suicide^) [16, 17] . However, existing evidence suggests that IPH-suicides make up a large portion of IPHs. A history of intimate partner violence is a key risk factor for perpetrator suicide following IPH [5, 18] . A recent analysis found 90% of IPH-suicides were committed with a firearm [5] . The prevalence of suicide in IPH is a particularly important consideration in the development of domestic violence and firearm policies because suicidal batterers will not be deterred from IPH by threat of punishment.
Also, important in the consideration of weapon type in IPH is the possibility of additional homicide victims, such as family members and friends [4, 19] . Such victims swelled the homicide victim count by 20%, according to one recent study [4] . These additional victims are for the most part (70%) killed with a gun. Male perpetrators predominated in IPH-suicide deaths and multiple death incidents.
In this analysis, we build on existing research in two ways. First, we utilize a relatively new and high quality source of homicide data: The Violent Death Reporting System (VDRS). Research on IPH-suicide and IPH with multiple victims has been handicapped by limitations in conventional data sources such as the Uniform Crime Reports and the Federal Supplementary Homicide Reports. Because these data sets do not include suicide or a means for linking homicides, scholars have relied on relatively small hand-collected data sets from medical examiner files [6, 20, 21] . However, the VDRS links all violent deaths occurring in the same incident. Our analysis advances the literature by testing established findings about IPH using comprehensive data for a large jurisdiction.
Second, our analysis focuses specifically on IPH and related suicides and additional homicide victims. While scholars have used the VDRS to study homicide-suicides [22] and IPH [4] , the current study is the first to examine overlap between these two types of violent death or the role of firearms in both. In doing so, our results speak specifically to the importance of deterrence-based firearm regulation for preventing IPHs.
Methods
The National Violent Death Reporting System is a statebased active surveillance system that collects data on homicides, suicides, legal intervention deaths, unintentional firearm deaths, and deaths of undetermined intent. Data for this study come from the North Carolina Violent Death Reporting System (NC-VDRS) and include all homicides over a 10-year period (2004) (2005) (2006) (2007) (2008) (2009) (2010) (2011) (2012) (2013) in the state. The NC-VDRS database is a relational, incident-based system that includes extensive secondary data from the Vital Records, the Office of the Chief Medical Examiner, State Bureau of Investigation, local law enforcement, and crime laboratories on every reported incident of fatal violence in North Carolina since January 1, 2004 . Abstractors coded data manually or electronically extracted the data from different types of records (e.g., death certificate files, medical examiner records).
Death Certificate and Medical Examiner data in the NC-VDRS are public records. In contrast, data from law enforcement investigations, and type of weapon recorded on crime laboratory reports, are not public records. Our team began its work in 2016 and finished it in 2017. All necessary requirements for using these data were met. We received approval from Duke University IRB in 2016, and the application was renewed in 2017 and 2018 (IRB Protocol no. D0836). We also received approval from the North Carolina Department of Health. This project did not draw on external funding sources.
In the current analysis, all incidents that included an IPH were identified and linked with any other violent deaths in the same incident. IPH was defined as those homicides in which the primary suspect was the current or former romantic partner (including spouse or nonmarried partner). These relationships are labeled as spouse, ex-spouse, boyfriend or girlfriend, or exboyfriend or ex-girlfriend in the NC-VDRS data. Cases of IPH followed by the perpetrator's suicide were identified by an NC-VRDS indicator that the incident type was a Bhomicide followed by suicide.T he NC-VRDS includes information about the primary weapon used in each homicide. If the data indicated that the primary weapon was a firearm of any kind (handgun, shotgun, and rifle), we considered the IPH to involve a firearm. Abstractors input information about perpetrator race, age, and ethnicity when known. We included these variables in the final model as well as a variable for missing information about race, ethnicity, and age.
The VDRS is more inclusive than other data sources on violent death, but not all IPHs can be identified. One quarter of the homicide cases in the North Carolina data lacked any mention of a suspect. However, the proportion of IPH cases for which there is no suspect is likely to be lower, simply because current and former partners are likely to be targets of police investigation, especially if there is a history of violence [2] .
There is a small group of relevant cases with named suspects in which the investigation was indeterminate. In 12 cases, an intimate partner was the primary suspect, but the case remained unsolved, and law enforcement officials identified one or more other suspects. In another 10 cases, the primary suspect was not an intimate partner, but law enforcement did consider an intimate partner to be a 2nd or 3rd suspect. We included the first group in the analysis and excluded the second group; given the small numbers involved, these choices logically cannot have much effect on results.
The outcomes of interest in this analysis are the likelihood of perpetrator suicide and of the perpetrator killing additional victims as part of the IPH incident. The IPH cases were tabulated with respect to sex, weapon type, suicide, and additional homicides. Multivariate logistic regression analysis was utilized to determine the distinct contributions of weapon type, circumstances, and perpetrator characteristics to the key outcome variables; all potentially relevant variables are included in the regression specification if the measures are consistently available in the data, except for victim characteristics (sex, age, race, ethnicity), which are so highly correlated with the perpetrators' characteristics that it is not statistically possible to identify distinct effects. This multivariate analysis was limited to maleperpetrated IPH cases, since they constitute the vast majority of all IPH-suicide cases (96%). Regression effect magnitudes are presented in the form of odds ratios.
Results
During the decade 2004-2013, there were 6440 homicides in North Carolina, of which law enforcement officials identified a perpetrator in 4837 (75.1%) of cases. Of crimes with identified perpetrators, 813 (16.8%) were intimate partners of the victim. Women were victims in 74.9% of IPHs (99% killed by men), and perpetrators in 23.0%. However, about one in four female homicides went unsolved during this time (26.1%).
While perpetrator suicide is a rare event overall (4.8% of homicides), it is highly concentrated in IPH, 24 .8% of IPHs were followed by the perpetrator's suicide (p < 0.001). Among IPHs, the likelihood of suicide differs with the sex of the perpetrator and whether the perpetrator uses a gun in the IPH. The statistics in Table 1 demonstrate these relationships. In sum, while almost half (46.4%) of IPHs committed by men with guns are followed by suicide, male perpetrators commit suicide 7.3% of the time when the primary weapon they use to commit IPH is a weapon other than a gun (p < 0.001). Women perpetrators are unlikely to commit suicide regardless of the weapon they use in the IPH.
Overall, 6.3% of IPHs in our sample included one or more additional homicides. Of the 51 incidents with multiple homicides, 40 had one additional victim, 10 had 2, and 1 had 3, for a total of 63 additional homicide victims. All but 1 of the cases with multiple homicide victims had male perpetrators, and 15 (29.4%) occurred as part of an IPH-suicide. Guns were used in most IPHs by males that involved additional homicide victims; 74.5% of these cases were perpetrated with a firearm, compared with 59.4% of male-perpetrated IPHs that did not involve multiple homicides (p < 0.05). Table 2 provides the details.
A review of the incident reports revealed that most additional victims were children or current partners of the victim. Out of 51 cases where IPH perpetrators killed additional victims, 35.2% included the death of the intimate partner's child, 21.5% the current partner of the victim, 19.6% friends or roommates, and 9.7% the parents of the victim. 1 A summary statistic for the importance of weapon type in IPH is the average number of victims (including suicide as well as homicide). For male perpetrators, IPH with a gun averaged 1.58 victims, compared with 1.14 victims in IPH with other weapons (p < 0.001). This pattern is much less pronounced for female perpetrators, where IPHs committed with firearms had just 1.09 victims, compared with 1.01 victims for non-gun cases (p < 0.10).
As shown in Table 3 , the results of the logistic regression analysis (male perpetrators only) confirm the strong association with weapon type; if the perpetrator uses a gun to kill his intimate partner, the odds ratio of then committing suicide is increased by a factor of 9.6 (column 2), and the odds ratio of multiple homicide doubles (column 3).
We also find that the relationship between the suspect and the victim changes the likelihood of suicide and of additional homicide victims in IPH. We find that, relative to other types of relationships, suspects who were married to their partner at the time of the homicide were more likely to commit suicide compared to other relationship types (odds ratio = 2.36, 95% CI [1.55, 3.59]). 2 Furthermore, homicides where a male partner kills his ex-partner (to whom he has never been married), the odds ratio of the perpetrator killing additional people is 3.6 times as high as cases in which the IPH is a current spouse (odds ratio = 3.56, 95% CI [1.60, 7.90]).
Discussion
The contribution of the current analysis is twofold. First, the new findings provide dramatic evidence of the close association between weapon type and whether IPH is followed by suicide. Previous research has established that when a gun is readily available to a batterer, the risk of IPH escalates [10] . Our finding that almost half of gunusing male perpetrators in IPH commit suicide as part of the same incident suggests the importance of preempting gun access by batterers, rather than depending on the deterrent effect of the threat of severe penalties. Someone who plans to commit suicide is logically beyond the reach of the legal threat. Second, the analysis underscores that gun use exacerbates the severity of IPH cases, by documenting what might be called the Bexpanded victimization^characteristic of IPHs committed by men with guns, given that gun use is associated with a high prevalence of multiple homicide victims.
Our findings support established research that suggests homicide-suicides are more prevalent in IPH than other types of homicide and that firearms are often the weapon of choice for such crimes [5, 6, 23] . Our results also tally with existing work that finds children and other family members are at risk of becoming additional victims in IPHs [2, 4, 6] . However, our results differ in certain respects from existing research, perhaps because of differences of time and place, or simply because of the comprehensive nature of our sample. We find that 70% of IPHs were committed with firearms, a number slightly lower than existing research that finds between 80 and 95% of IPHs are committed with guns [6, 18, 20, 24, 25] . Our results suggest that male perpetrator suicide following IPH is 10 or 20% higher than previous studies [6, 25] . Finally, we find lower numbers of additional victims as a proportion of all intimate partner homicide deaths than existing research [4] . Importantly, we find that additional victims are not associated with homicidesuicides but that the gender of the perpetrator and the weapon are.
We add to the existing literature by using a more complete data set that provides details on all documented IPHs for a decade in a large state. Moreover, the NVDRS has been used to study homicide-suicides [22] and IPH [4] , but the current study is the first to examine overlap between these two types of violent death or the role of firearms in them.
The VRDS data have some limitations. In particular, the identification of certain homicides as IPH is based on conclusions of police investigations, which are not always successful or accurate. No suspect was identified in one quarter of all homicide cases, and some of these homicides may have been IPHs. We also note that this analysis is descriptive and does not prove causation. The large differences in outcomes by weapon type, while suggestive, cannot be said with confidence to demonstrate the causal importance of guns versus other weapons.
Public Health Implications
The importance of gun use in domestic violence has been recognized in federal law since 1994. In that year, Congress passed the Violence Against Women Act (VAWA) which added a new category to the list of those disqualified from gun possession, namely individuals subject to a court order restraining them from Bharassing, stalking, or threatening an intimate partnerô r Bengaging in other conduct that would place an intimate partner in reasonable fear of bodily injury.^A n additional category was added in 1996, when the Lautenberg Amendment to the Violence Against Women Act specified that those convicted of an intimatepartner-violence-related misdemeanor were banned from possession. While felons were already prohibited from having a firearm by the GCA of 1968, many abusers have not been convicted of a felony [26] .
These laws seek to decrease IPH (and serious intimate partner violence more generally) both by reducing batterer's access to guns and by deterring gun use. Access is reduced by two preemptive mechanisms: first, in some cases, a restraining order or domestic violence conviction is coupled with a court order to remove any existing guns from the home; second, the order or the misdemeanor conviction, if entered into the appropriate databases, would serve as the basis for blocking a legal sale following a background check by a licensed gun dealer. The laws may serve as a deterrent to domestic violence by attaching the penalty of gun disqualification to a court order or misdemeanor conviction; they may serve as a deterrent to gun misuse for those who have been disqualified.
Research suggests that these laws have been successful in reducing the number of IPHs as well as other domestic homicides. One study finds that the Lautenberg Amendment decreased gun homicide victimization of female intimate partners by approximately 17% and male domestic children by 31% [16] . Another found that state laws that restrict gun ownership among individuals served with domestic violence restraining orders decreased IPHs by 7% [17] .
The findings of the current study suggest the importance of reducing gun use in domestic violence goes beyond saving the lives of intimate partners but includes Each specification also included indicators of race and Hispanic ethnicity Standard error in parentheses †p < 0.1; *p < 0.05; **p < 0.01; ***p < .001 reducing suicide and multiple homicides. The importance of suicide as part of the gun IPH also justifies preemptive measures that will reduce access to guns, rather than (or in addition to) deterrence-oriented strategies. In a violent domestic confrontation in which the assailant is so desperate as to be suicidal, it is unlikely that the threat of additional prison time for gun misuse will be salient. One fruitful approach may be continued efforts to utilize the BDanger Assessment^for individuals in households in which domestic violence is evident. The Danger Assessment helps to determine the level of danger an abused woman has of being killed by her intimate partner [27] . Scholars have demonstrated that the Danger Assessment (and the short form version of it) accurately identifies women in situations where IPH is likely [28, 29] . By identifying high-risk cases, law enforcement could use this assessment to preemptively remove firearms from the hands of abusers likely to commit IPH.
Furthermore, federal regulations and many state laws limit the definition of domestic abuse to violence between married or formerly married partners. Our analysis suggests that IPH that involve unmarried partners are more likely to include additional victims than IPH that involves married partners. This finding underscores the importance of expanding firearm restrictions to include individuals who abuse their partners regardless of marital status.
